OBJECTIVE: To investigate associations between adiposity indices and food intake in nonobese prepubertal freeliving children. SUBJECTS: Five-hundred and one children, 280 boys and 221 girls aged 5 ± 11 y in two little towns in northern France. DESIGN: Cross-sectional survey. MAIN OUTCOME MEASURES: Height and weight, four skinfolds (biceps, triceps, subscapular, suprailiac), waist and hip girths, were measured. Sum of skinfolds (SSF), body mass index (BMI), and relative weight (RW) were calculated. Energy intake (EI), percentage of energy intake ascribed to carbohydrates (%EIC), complex carbohydrates (%EICC), fats (%EIF), saturated fats (%EISF) and proteins (%EIP) were assessed by a single 24 h record. Basal metabolic rate (BMR) was estimated according to Scho®eld's equations. Obese (RW 120%), and underreporting children according to Goldberg's and Black's equations were excluded. RESULTS: In multiple linear regressions analyses performed with hierarchical mixed models, adiposity indices were signi®cantly and inversely associated in girls with %EIC (all P-values`0.02), and positively with %EIF (all P-values 0.05, waist girth and BMI excepted). Similar but non-signi®cant trends were observed in boys. The relationships were not linear, and thresholds close to current dietary recommendations were highlighted. When %EIF was low, a lower percentage of energy intake ascribed to %EISF was associated with thinness. These associations remained after the exclusion of children who had an EIaBMR 1.50. CONCLUSIONS: In nonobese prepubertal children aged 5 ± 11 y, a high %EIC, close to dietary recommendations ( 55%), was associated with thinness. A high %EIF, over the upper dietary recommendation ( 35%), was associated with a greater adiposity thickness. There was no further increase in adiposity beyond this threshold. Reasons for the absence of a linear relationship pattern between adiposity and macronutrient intake remain to be determined.
Introduction
Obesity in childhood has been increasing for the last 30 y. 1, 2 In prepubertal children, obesity is signi®cantly associated with metabolic disturbances (lower HDL cholesterol, increased LDL cholesterol concentrations or high blood pressure), which tend to cluster. 3 Obese children tend to become obese adults, 4 and a tracking of adverse cardiovascular risk factors has also been observed. 5 Moreover, overweight in childhood 6 has been associated with an increased risk of premature death in adulthood, whatever the body mass index (BMI) reached in adult life. The treatment of obesity usually gives disappointing results, 7 which suggests that it might be more effective to focus on the prevention of excessive weight gain in childhood. To reach this goal, a good understanding of the diet and nutritional habits of children is needed. Few studies have analysed the associations between food intake and adiposity indices in children. 8 ± 11 Three of these studies showed an inverse or no association between total energy intake and percentage of body fat (%BF), 8, 11 or BMI. 10 However, there were signi®-cant positive associations between percentage of energy intake ascribed to fats (%EIF) and BMI, sum of skinfolds, 10 or %BF. 8, 9, 11 Furthermore, an inverse signi®cant association was observed between %BF and energy intake ascribed to carbohydrates (%EIC). 8, 11 We studied the associations between several adiposity indices and the nutrient intake in a crosssectional study in free-living French prepubertal children from 5 to 11 y old. We restricted analyses to nonobese children, as the patterns of associations between macronutrients and adiposity could be quite different in obese and nonobese children. 8, 12 The associations were looked for according to current dietary recommendations, 13, 14 and according to reported energy intake to basal metabolic rate ratios (EIaBMR) and gender.
Subjects and methods

Study design
The Fleurbaix Laventie Ville Sante Â Study (FLVS) is an epidemiologic study whose main goal is to test the effect of nutritional education in children on dietary habits of the family. Fleurbaix and Laventie are two little towns in northern France, with respectively 2488 and 4426 inhabitants in 1992. In both towns, all children from the last section of nursery school to the last section of primary school in 1992 ± 1993 and their families were asked to participate.
A dietary survey took place from March to June 1993. Nutritional data were collected by nine trained dieticians from 24 h records: a single out-of-school weekday for children less than 14 y old, and three 24 h records (2 weekdays and one week-end day) from 14 y old. A dietician visited the families and left a diary for each household member. Subjects had to record all foods consumed, qualitatively and quantitatively, using household measures. Dietary records were ®lled in by children and their mother. The record was set up in such a way as to distinguish between three separate meals (breakfast, lunch and dinner), and three snacks (morning, afternoon, evening). The dietician returned within a week to check the records. She then coded the type of foods consumed and converted the household measures to grams or milliliters. Nutrient intake was calculated using the French Re Âpertoire ge Âne Âral des aliments', 15 and McCance and Widdowson's food composition tables. 16 Written consent was obtained from parents for the diet study, and the whole protocol was approved by the ethic regional committee from Lens (France). A preliminary study performed in nine families displayed a homogeneous estimation of the household units by the dieticians. Between-dieticians correlation coef®cients were higher (0.91) for energy intake (EI) and energy intake ascribed to carbohydrates (%EIC), than for energy intake ascribed to proteins (%EIP, 0.84) or energy intake ascribed to fats (%EIF, 0.77).
As an external validation of the nutritional data is necessary, 17 ± 19 we used Scho®eld's equation 20 to estimate the basal metabolic rate (BMR), and then Goldberg's 21 and Black's 22 equations to estimate energy intake to basal metabolic rate ratios (EIaBMR) to de®ne under-reporters. Assuming a mean activity level (PAL) equal to 1.62 in girls and 1.70 in boys for children from 5 to 11 y old, 23, 24 the calculated thresholds to de®ne undereporting were 0.93 in girls and 0.98 in boys.
Data collection
Anthropometric data were collected by two trained school doctors. Height, weight, four skinfolds (biceps, triceps, subscapular, suprailiac), waist and hip girths, were measured. Weight was measured in light clothes with the same scale in every school to the nearest 0.1 kg. Height was measured to the nearest cm. Skinfold thicknesses were measured to the nearest 0.1 mm, in triplicate, by Harpenden callipers, on the left side of the body: triceps (posterior aspect of the arm, at the midpoint between the acromion and the olecranon), biceps (anterior aspect of the arm, at the midpoint between the acromion and the olecranon), subscapular (1 cm below the inferior angle of the scapula), suprailiac (1 cm over the iliac crest, at the midaxillary line). The average of these values was used. Waist and hip girths were measured to the nearest 0.5 cm. Waist girth was de®ned as the smallest diameter between iliac crest and the last rib, and hip girth as the greatest diameter over the buttocks. Sum of skinfolds (SSK), subscapular to triceps (STR) and waist-to-hip (WHR) ratios, and body mass index (BMI) weight in kga(height in m) 2 , were then calculated. Relative weight (RW) was calculated using a reference table, 25 as the ratio of the current weight of the child to the mean weight of children from the same gender, height and age. Obesity was de®ned by RW120%, and overweight by 110% RW1 20%. Pubertal development was assessed by Tanner's classi®cation.
Statistical analyses
The SAS (Statistical Analysis System Inc., Cary, NC) software was used for the analyses. Univariate analyses were performed by the w 2 or Fisher's exact test for qualitative data and t-test for quantitative data. Multivariate analyses of quantitative data were performed by the hierarchical mixed models (SAS proc mixed); a random familial effect was introduced at the level of the intercept to take into account the familial correlations between children. A signi®cance level of P`0.05 was required for an explanatory variable to remain in the models. Analyses were performed for the whole group and by gender.
Subjects
From October 1992 to June 1993, 826 children aged 5 ± 11 y from 579 families were examined. Analyses were performed in 786 prepubertal children (Tanner stage 1). 
Results
Anthropometric characteristics
Anthropometric data are described by gender (Table  1 ). Skinfolds and STR were log distributed. In both genders, age and height were signi®cantly associated with other anthropometric data (all P`0.0001) in multiple linear analyses, except BMI which increased signi®cantly with height only (P`0.0002), and STR and RW which were not signi®cantly associated with these two parameters. Coef®cients were positive for height and negative for age. Further analyses were simultaneously adjusted for age and height. Skinfolds and hip girth were signi®cantly greater in girls, but waist girth and WHR were signi®cantly greater in boys.
Nutritional data
Results of nutritional data are described in Table 2 . EI was signi®cantly higher in boys than in girls (P`0.0001), and %EIC was of borderline signi®-cance (P`0.06). %EIF was 30% in 49 (10.0%) children, %EISF10% in 22 (4.4%), and %EIC 55.0% in 63 children (12.6%). EIaBMR decreased signi®cantly with age (P`0.009) in both genders: from 2.09 in children aged 5 ± 6 y to 1.90 for children 9 y and over. There was a quite linear inverse relationship between quartiles of RW and EIaBMR, from 2.17 (leanest children quartile) to 1.89 (heaviest children quartile). %EIC decreased with age, from 47.8% to 46.1% (P`0.05). 
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Associations between adiposity and food intake
As associations between %EIC, %EIF and every skinfold, followed the same general pattern than those observed with SSK; these last associations only will be presented further. EI and %EIP were positively but non-signi®cantly associated with every adiposity index (all P-valuesb 0.10). In the whole group, %EIC and %EIF were signi®cantly (all Pvalues`0.04) associated with all adiposity indices, the ratios excepted. The relationship was positive between %EIF and adiposity, whereas inverse associations were displayed with %EIC. Thresholds were observed when %EIF exceeded 34.2% (lowest quartile of %EIF), or when %EIC was below 51.7% (highest quartile of the distribution). Children who reported a high %EIC or a low %EIF were leaner, whereas no further differencies in adiposity were observed according to macronutrient intake. There were no gender differences for macronutrient intake: the percentages of high %EIC ( 51.7%) were 25.4% in boys and 24.4% in girls (P`0.82), and percentages of low %EIF (34.2%) were 27.5% in boys and 21.5% in girls (P`0.14). According to the %EIC and %EIF thresholds, differences in adiposity indices reached signi®cance in girls only (Table 3) , even if the same trends were observed in boys (Table 4) . Differences were more often signi®cant for a high %EIC than for a low %EIF (Table 3) . As there were no age (P`0.46) or gender (P`0.16) differences for the distribution of percentage of energy intake ascribed to saturated fatty acids (%EISF), we performed analyses within levels of %EIF according to %EISF. A %EISF`13.9% (lowest quartile of the %EISF distribution) de®ned the low level of the %EISF intake. The percentage of low %EISF declined with increasing %EIF: from 52.8% (%EIF 34.2%), to 22.6% (34.2%`%EIF 38.6%) and 12.7% (%EIFb38.6%), w 2 2df 72.0, P`0.001. When children were in the lowest quartile of %EIF, discrepancies were observed according to the %EISF (Table 5) . Children who had a low %EIF and a low %EISF`13.9% (n 66) were the thinnest, and those who had a low %EIF and a high %EISF (13.9%, n 59) had intermediate values between children with low %EIF and %EISF and children with a high %EIF. The differences were signi®cant for SSK, Table 3 Age-and height-adjusted adiposity indices, expressed as means (s.e.m.), between quartiles of percentages of energy intake ascribed to carbohydrates (%EIC) or fats (%EIF) in 221 nonobese prepubertal girls 
and RW. Such a trend was still observed within the high level of %EIF when %EIF was 38.6% (second quartile of the %EIF distribution), but not further.
Complex carbohydrates were all carbohydrates which were not de®ned as simple sugars. There were no age (P`0.66) or gender (P`0.69) differences for the distribution of %EICC. %EICC exceeded 25% (lowest recommended intake 26 in 78.4% of the children with a high %EIC, and in 55.1% of the children with a low %EIC, w 2 21.5, P`0.001. When %EIC was low, if %EICC was b25%, children had intermediate adiposity thickness between children with a high %EIC and children with a low %EIC and a low %EICC. For example, mean SSK increased from 25.2 mm (high %EIC), to 28.1 mm (low %EIC and high %EICC), and 29.4 mm (low %EIC and low %EICC), P`0.001 (global test). Similar signi®cant associations (all Pvalues`0.007) were observed with other indices, the ratios excepted. There were no differences between children with a high %EIC according to the nature of carbohydrates.
Moderate under-reporting might have remained in previous analyses, as initial thresholds which de®ned it were`1.0. With age, %EIC and EIaBMR simultaneously decreased, whereas adiposity thickness increased. These trends might have an in¯uence on previously described analyses, so we performed new analyses using an EIaBMR threshold equal to 1.50 to de®ne underreporting. Children who had an EIaBMR b1.50 (n 410, 81.8%) did not differ from the others according to gender (boys: 82.9% (n 232); girls: 80.5% (n 178); P`0.51), or macronutrient intakes (high %EIC: 24.6% vs 25.0%; P`0.79; low %EIF: 23.8% vs 25.0%; P`0.24) from the initial sample, but they were thinner (RW 96.8% (8.9%) vs 99.8% (8.7%); P`0.004), and younger (age 7.79 (1.59) vs 8.14 (1.52) y; P`0.06). In girls with an EIaBMRb 1.50, signi®cant associations between, on the one hand, adiposity indices (waist girth excepted) and %EIC and, on the other hand, between SSK and %EIF, remained (Table  6 ). Associations between adiposity indices and EI or %EIP in children who had an EIaBMR b1.50 remained nonsigni®cant (all P-valuesb0.15). Table 5 Associations between adiposity indices, expressed as means (s.e.m.), and the percentage of energy intake ascribed to fats (%EIF) divided into two levels (low: 34.2%; high: b34.2%), and saturated fats (%EISF) divided into two levels (low:`13.9%; high: 13.9%), after adjustment for age, height and gender 
Discussion
In this cross-sectional study, we observed, in a sample of 501 non obese prepubertal children aged 5 ± 11 y, signi®cant negative associations between percentage of energy intake ascribed to carbohydrates (%EIC) and adiposity indices. A positive relationship was displayed for percentage of energy intake ascribed to fats (%EIF). However, the relationships were not linear, and thresholds approximately equal to current dietary recommendations (%EIC 55%, %EIF 30%) were observed. These associations had similar directions in both genders, and remained when taking into account the differential reports which occured with age andaor child's fatness. Associations between adiposity and percentage of energy intake ascribed to proteins (%EIP) or energy intake (EI) were nonsigni®cant. The participation rate reached 70%. Children who took part in the study did not signi®cantly differ from children who refused it for gender, age or anthropometric data. So, our sample could be considered as representative of the children from the two towns for these latter parameters. Means of skinfold thicknesses in FLVS were similar to the 50th percentiles of the distributions for the same age range in healthy Dutch children, 27 and were slightly lower (0.5 ± 1 mm) than data in free-living children in Belgium. 28 The Netherlands and Belgium are two countries close to Fleurbaix and Laventie, which are in northern France.
There is no gold standard to estimate the current food intake in a free-living. population. 29 Parents had to record their own food intake at the same time, and helped their children, which could improve the accuracy of the nutritional data. 8, 18, 30 We chose an out-ofschool weekday in children, as school meals could lower the variability of individual intake and the %EIF, 31 and pattern of food intake is more irregular in weekends. 32 We used the 24 h record, which seems an accurate method to quantify diet of young children, 31, 33 and allows classi®cation of the data, which is required for epidemiologic studies. 34 The accuracy of the 24 h record to analyze relations between food intake and anthropometry remains questionable: a single 24-h record cannot take into account the dayto-day variation of food intake and overestimates the extremes of the distribution. 35 Seasonal differences 33 were partly avoided in FLVS, which took place in spring. We used quartiles of the distributions, which lessened the potential impact of the extremes of the distribution in the analyses, and few misclassi®cations occured when individual records of food intake were compared to observer records using quartiles in a previous study. 36 Misclassi®cations could induce a loss of power, so this is a statistically conservative approach, which means that we could have missed some relationships, but those found might actually be stronger than reported.
There is a need to use an external validation of reported dietary data. 12, 17, 18, 21, 22 Large between-and within-individual variations exist, resulting in a wide range of acceptable EIaBMR at the individual level. 21, 22 In FLVS, we individualized two subgroups which differed from the distribution of other EIaBMR reports: severe under-reporters and obese children from both genders. In the remaining children, EIaBMR averaged 2.0 in each gender and was normally distributed. The mean EIaBMR ratios estimated in children from the same age range, when physical activity levels were estimated by doubly labelled water, were 1.62 in girls and 1.70 in boys, 23, 24 below mean ratios reported in our study. This leads us suppose a satisfactory global report has been achieved after the exclusion of obese and severely underreporting children.
A greater impact of energy ascribed to macronutrients than of EI has been outlined in our study, in accordance with previous results. 8 ± 11 Failure to observe signi®cant positive associations between EI and adiposity is common in published studies. 8, 10, 11 In children aged 8 ± 11 y, Maffeis et al 12 reported a mean EIaBMR in obese children (1.52) which was signi®-cantly lower than the mean ratio from other children (1.87). We observed such a difference in our study, which justi®ed the exclusion of obese children, who could impair the association between EI and adiposity by a systematic under-reporting of EI, or because of a current diet. In spite of the exclusion of both severe under-reporters and obese children in our study, positive associations between EI and adiposity remained nonsigni®cant. A negative association between EI and %BF was still signi®cant after the exclusion of obese children only in a former study. 8 The wide standard deviation of reported EI in this last study suggests a possible under-reporting from several children which was not taken into account in the analyses. In our study, the high variability in the reported EI induced by a single day record of food intake 35 may also explain the nonsigni®cant associations that were observed between EI and adiposity.
Children who had a high %EIC ( 51.7%) were thinner. When carbohydrate intake exceeds recommendations, lipogenesis remains low in nonobese free-living subjects, 37, 38 and energy expenditure is increased. 38 These mechanisms could explain the lower adiposity in children who had a high %EIC which has formerly been reported. 8, 11 However, in these studies, linear relationships only were displayed. We showed that the pattern of relationship in our study was not linear, as a threshold close to the current recommendations (%EIC 55%) was highlighted. This was not observed by others. 8, 11 Nonobese children had a greater mean %EIC than ours (53% in girls, 55% in boys), and only eight children out of 30 reported a %EIC50% in one study, 8 and obese and nonobese children were not studied independently in the other survey. 11 Moreover, lean (RW`90%) and overweight (110% RW`120%) children were excluded by Gazzaniga et al, 8 who compared obese (RW120%) and`normal weight' children. So, the associations described in FLVS were displayed from prepubertal children with a wider range of RW (66.9% ± 119.2%) and age (5 ± 11 y old), and in a larger sample. This lower adiposity was observed when %EIC was close to current dietary recommendations. In nonobese young adults, a short-term study has shown that rising %EIC and lowering %EIF in current diet were associated with a signi®cant decrease in adiposity without loss of fat-free mass. 39 This trial outlines the need to increase %EIC and to lower %EIF in current food intake in free-living subjects to decrease adiposity.
A greater adiposity thickness was observed when %EIF exceeded 34.2% (high %EIF), and there was no further increase in adiposity according to increasing %EIF. Studies in childhood that observed positive associations between %EIF and adiposity have included children whatever their level of fatness, 9 ± 11 except one. 8 As obese children usually underreport their EI, 8, 12 the report of %EIF in these studies remains doubtful. Even if we excluded obese and under-reporting children, there was no further increase in adiposity beyond a threshold which approximated the highest recommended %EIF intake: 35%. 14 In the study from Gazzaniga et al, 8 the mean %EIF was below ours when nonobese children were studied separately: 34% in girls, 31% in boys, and only nine children out of 30 had a %EIF 35%. So associations related to an excessive fat intake could not be looked for. The threshold that we observed suggests that adaptative mechanisms involved in the development of adipose tissue in prepubertal children might be important when %EIF is high, over the dietary recommendation of 35%. 14 In girls, the signi®cant associations between %EIF and adiposity were similar to those described in 1166 US white girls. 10 An nonsigni®cant trend was observed in boys in FLVS. One survey 9 showed signi®cant associations in boys only, but was performed in 71 children (36 boys and 35 girls) who were younger than ours: mean age 5.5 y old. The development of the adipose tissue according to age appears to differ between genders as early as the prepubertal state. In a cross-sectional study, %BF increased with age in girls only. 40 As %BF is increased in older girls, associations between macronutrients and adiposity might be stronger in girls aged 9 ± 10 y, 10 like in our study, than in younger girls.
In our study (FLVS), associations between %EIF and adiposity were less signi®cant than those observed with %EIC, as previously described in children by others. 8, 11 However, the assumption that fats, proteins and carbohydrates are all reported with the same accuracy in dietary studies remains questionable. 41 Preliminary results in FLVS displayed a better agreement between dieticians for EI and %EIC than for %EIF or %EIP. Few dietary studies have looked for inter-dietician reproducibility in collecting nutrient intake. In 60 free-living Canadian adults of both genders aged 25 ± 44 y who ®lled in individually six 24 h-recalls which were collected by three dieticians, the relative contribution of interviewer to variability of %EIC was close to zero in both genders. 42 The relative contribution of interviewer to variability of %EIF was not reported in this publication. Using the food-frequency questionnaire method in 31 adult Pima Indians, correlation coef®cients between dieticians were better for EI and %EIC (0.76) than for %EIF (0.69) or %EIP (0.68). 43 In the Bogalusa Heart Study, duplicate 24 h recalls were collected by three dieticians in eighteen 10-y-old children. 44 Greater discrepancies in evaluating the amount of food consumed were displayed for chips, eggs, gravies, butter, meats and sweets, which could explain signi®cant differences between dieticians for EI and quantities of total fats and sugars in these children. These results suggest that, as in our study, the assessment of fat intake in dietary studies expressed as a percentage of energy intake or as a quantity, whatever the methodology, appears to be more interviewer-dependent and less accurate than the assessment of carbohydrate intake. Due to this methodological outcome, when using macronutrients intakes as qualitative data, rank misclassi®cations might occur more frequently with fats than with carbohydrates, which could lower the power of analyses performed to look for associations between fat intake and adiposity compared with analyses performed with carbohydrate intake.
Metabolic pathways, like distinct patterns of fat oxidation, might also be involved in the weaker associations between %EIF and adiposity. In lean adults in energy balance, when high-fat intakes occured for several days, an increase in fat oxidation was observed as an adaptative mechanism. 45 This suggests that people who are able to increase their fat oxidation could maintain a stable weight. Inversely, the expansion of fat stores seems necessary to increase fat oxidation in some individuals consuming a chronic excess of fat. This has been observed in children, 12 as in adults. 46 So, inter-individual variability in fat oxidation levels might tend to lessen associations between fat intake and adiposity thickness as early as the prepubertal stage. In nonobese children, mean fat oxidation levels were higher and increased faster in boys than in girls for the same %BF in a previous study. 47 This might (among others) explain the stronger associations between macronutrients and adiposity that we observed in girls.
Distinct metabolic pathways according to the lipid diet composition seem to be involved in the development of adipose tissue. 48 In our study, the leanest children reported a low %EIF, and a low percentage of energy intake ascribed to saturated fatty acids (%EISF) (`13.9%). Children who had a low %EIF and a high %EISF were fatter. The differences did not achieve the statistical signi®cance between these two groups, but there were few children by group. In a former study, 10 an increase in %EISF was associated with an increase in BMI in black girls only. However, in this study, multiple regressions were simultaneously performed with %EIF and %EISF, which could lead to keep in the ®nal model only one of the two variables. Signi®cant associations with on the one hand %EISF in black girls and, on the other hand, %EIF in white girls were displayed. Our results are in accordance with these trends, which suggest that the degree of saturation of the lipids could be involved in the pattern of associations between fats and adiposity. The associations between global %EIF and adiposity could be weakened by distinct relationships according to the lipid composition. Inversely, in children with a high %EIC, there were no signi®cant differences in adiposity according to the nature of carbohydrates. Discrepancies between simple sugars and complex carbohydrates in a highcarbohydrate diet remain doubtful, as also recently suggested by the Carmen intervention trial. 49 This could explain why associations between %EIC and adiposity were stronger than between %EIF and adiposity in other reports, 8, 11 as in our study. The simultaneous lowerings of %EIF and %EISF, and the increase in %EIC appear the goal to achieve in the prevention of obesity in children.
In children, 50,51 mean %EIF and %EISF were lowered close to 30% and 11%, respectively, without micronutrient de®ciency and with a normal growth rate. The worsening of cardiovascular risk factor pro®le in children (lower HDL cholesterol and higher triglycerides levels) with such a diet remains doubtful. 52 However, in children, results from prospective studies are still lacking to support the hypothesis of the prevention of obesity by a highcarbohydrate and low-fat diet. 50 In FLVS, reported %EIC and EIaBMR signi®cantly decreased with age and fatness, like in other pediatric studies. 30, 53 By the weighing method, Livingstone et al 30 showed good reports in children 5 ± 9 y old which were not observed in the older children. Negative affects related to obesity have been described in children as young as 8 y old. 54, 55 Children who become more independent with age, hidden food consumption in children who feel too heavy, 30, 53 or dif®culties in estimating household units in the youngest, 36 could explain the trends in EIaBMR and %EIC which are usually observed. Under-reporting, which tends to increase with age whatever the level of fatness, has been described in childhood. 17 To study the impact of these trends on previously described associations, we performed analyses with an EIaBMR 1.50 to de®ne under-reporting, expecting to exclude moderate under-reporters which were not selected by the ®rst cut-off. As expected, children with an EIaBMRb1.50 were signi®cantly leaner and slightly younger. However, gender and macronutrient intake distributions, and the patterns of relationships between adiposity and macronutrients remained unchanged. Associations were less strong, but this selection excluded approximately one-®fth of children who were heavier and older, which induced a loss of variability. The changes who food report which occured with age andaor child's gender or fatness could not explain the associations between macronutrients and adiposity that we observed. This strengthens these associations. This is in accordance with Black et al 22 who suggested to keep in the analyses nutritional data whose mean EIaBMR is acceptable, whose global distribution of EIaBMR is homogeneous, which did not include outliers or peculiar subgroups. When these conditions are combined, one can expect stable associations.
In FLVS, associations between diet and anthropometric data were observed in prepubertal children for skinfolds, girths, RW and BMI. No associations between STR or WHR and diet were observed, such as between WHR and cardiovascular risk factors in a former study. 28 This would indicate that, in prepubertal children, food intake has the same relationship with peripheral as with truncular fat.
Our results, like others, 8 ± 11 and the tracking of food intake which has been observed from childhood, 31, 56 outline the need for the early prevention of obesity in children. Patterns of associations between adiposity and macronutrients in this large sample of nonobese prepubertal children were not linear and highlighted thresholds which were approximately equal to current dietary recommendations: %EIF30%, %EISF 10%, %EIC55%, suggesting that this prevention should be focused on lowering %EIF, %EISF, and on increasing %EIC. Analyses in our study were performed after the exclusion of obese and under-reporting children, and associations did not rely on changes in energy or macronutrient reports which occured with age or fatness. These associations were described in a crosssectional study, and results from long-term prospective studies are still awaited to prove that such a diet could be associated with a lowering of the incidence of overweight in childhood. 50 
